An experiment was conducted to determine the effects of replacing full fat soybean meal with aqueousheated, dry-heated and dehulled Bambara groundnuts (Vigna subterranea (L.) Verdc.) and benne seeds (Sesamum indicum) on performance characteristics and organ morphology of broiler chickens over a period of eight weeks. Anti-nutritional factors in the raw and processed plant seeds were determined. Higher amounts of haemagglutinin (HG) and trypsin inhibitor (TI) were found in the raw Bambara groundnuts, and tannin, phytate and oxalate in raw benne seeds respectively. Both HG and TI were completely destroyed in aqueous-heated Bambara groundnuts while the dry heated Bambara groundnuts contained residual amounts of the anti-nutrients. Higher amounts of the tannin, oxalate and phytate were removed in the dehulled benne seeds. Feed intake was statistically not significant in different treatment groups. Weight gain and feed conversion efficiency were more significantly (p<0.05) reduced in groups fed dehulled Bambara groundnuts, aqueous-heated benne seeds and dryheated benne seeds. Significant (p<0.05) reductions were also obtained in nitrogen retention of birds fed with dehulled Bambara groundnuts, aqueous-heated benne seeds and dry-heated benne seeds respectively. The organ morphology showed significant (p<0.05) increases in weights of pancreas and kidney of birds fed dehulled Bambara groundnuts. The best improvements in the response indices were obtained in birds fed aqueous-heated Bambara groundnuts and dehulled benne seeds.
Introduction
Grain legumes and oil seeds are sources of dietary protein and energy. In Sub Saharan Africa, grain legumes especially soy beans and groundnut cake have played major roles in the feeding of birds and animals. However, these two commodities, in recent times, are becoming expensive and scarce because of dwindling local production. Hence, there is need to investigate other under-utilized grain legumes and oil seeds.
Raw grain legumes and oil seeds have been reported to contain some anti-nutrients which are capable of exerting deleterious effects on body organs, and inhibiting the growth of chickens when fed in the raw form (Metayer et al. 2003 ).
Among these under-utilized grain legumes and oil seeds are the Bambara groundnuts and benne seeds.
Bambara groundnut is a grain legume with an origin traced back to Africa. It is highly nutritious, and has been termed a complete food. Its seed consists of 49%-63.5% carbohydrate and 15%-25% protein (Murevanhema and Jideani 2013) .
Benne seeds, also known as sesame seeds (Sesamum indicum) are tiny, flat oval seeds with a nutty taste and a delicate, almost invisible crunch. The benne seeds come in a host of different colors, depending upon the variety, including white, yellow, black and red (Ensminger et al. 1983) . Benne seeds are highly valued for their high content of oil, which is very resistant to rancidity. Health wise, benne seeds contain two unique substances: sesamin and sesamolin. Both of these substances belong to a group of special beneficial fibers called lignans, and have been shown to have a cholesterol-lowering effect in humans, and to prevent high blood pressure and increase vitamin E supplies in animals. Sesamin has also been found to protect the liver from oxidative damage (Kamal-Eldin et al. 1995; Kita et al. 1995) .
Like most grain legumes, Bambara groundnuts contain toxic compounds such as heamagglutinin and trypsin inhibitor. Benne seed, on the other hand, has been reported to contain high amounts of tannin, phytate and oxalate especially in the hulls (Akanji 2002) . All these toxic compounds are known to inhibit growth of chickens (Emiola et al. 2003) . Many efforts have been made to improve the nutritive value of some grain legumes especially through the use of some processing methods such as ensiling with urea and/or ammonia, alcohol extraction, acid extraction and alkaline extraction, respectively (Ologhobo et al. 1993) . Most of these methods were considered to be cumbersome and also expensive. Thus the need is therefore to investigate other simpler processing methods which can be easily utilized by farmers in the Sub Saharan Africa.
Hence, this study was carried out to process raw Bambara groundnuts and benne seeds by aqueous-heating, dry-heating and dehulling. The second objective was to evaluate and compare the effects of processed plant seeds on performance characteristics, nutrient utilization and organ morphology of broiler chickens.
Materials and Methods
Samples of Bambara groundnuts and benne seeds acquired from local markets in Maiduguri, North Eastern Nigeria were processed by aqueous heating and dry heating and dehulling methods. Statistical analysis was carried out using analysis of variance. Where significant treatment effects were obtained, their means were compared using the Duncan multiple range test (Steel and Torrie, 1980) .
Results
The chemical compositions of raw, aqueousheated, dry-heated and dehulled Bambara groundnuts and benne seeds revealed slight differences in their contents of crude protein and crude fibre (Tables 3 and 4) . Higher values of fat were however obtained in the benne seeds. Higher amounts of trypsin inhibitor and haemagglutinin activities were observed in Bambara groundnuts. The tannin, oxalate and phytate contents were however higher in the benne seeds. Aqueous heating destroyed the trypsin inhibitor and haemagglutinin contents, while dry heating and dehulling left residual amounts of anti-nutrients in the Bambara groundnuts. Higher amounts of tannin, oxalate and phytate contents were removed from the dehulled benne seeds. 
FI, feed intake; WG, weight gain; FCR, feed conversion ratio; NR, nitrogen retention; Means with different superscript are significantly different (p<0.05)
The organ morphology of the birds are shown in Table 6 . There were significant (p<0.05) differences in the weights of liver, pancreas and kidney among the dietary treatments. Weights of the pancreas and kidney were significantly (p<0.05) increased in birds fed dehulled Bambara groundnuts. Weights of the livers were significantly (p<0.05) reduced in birds fed dehulled Bambara groundnuts and dry-heated Bambara groundnuts respectively. Dehulling, when compared to aqueous and dry heating, was more effective at removing considerable amounts of tannin, oxalate and phytate contents in the benne seeds, thus confirming that these anti-nutrients are heat stable (Apata 1990) and that bulk of these antinutrients are located in the hulls of the seeds (Masoero et al. 2005) . Abnormality in intestinal absorption of amino acids has been reported to cause large excretion of nitrogen (Ologhobo et al. 1993 ).
The results on organ morphology showed significant reduction in the weights of liver and intestine in chickens fed on dry-heated Bambara groundnuts and dehulled Bambara groundnuts respectively. This observation agrees with the earlier findings of Ologhobo (1983) when diets containing residual amounts of haemagglutinin and trypsin inhibitor were fed to broiler chickens.
The pancreas and kidney weights were significantly increased in birds fed dehulled Bambara groundnuts which contained bulk of the residual haemagglutinin and trypsin inhibitor activities. This is in agreement with the report of Grant et al. (1983) that trypsin inhibitor stimulates hypertrophy and hyperplasia of pancreas in rats and chicks. Apata (1990) also reported distention of capillary vessels in kidneys of chickens fed raw legumes.
Conclusion
The observation in this study showed that birds fed with aqueous-heated Bambara groundnuts and dehulled benne seeds had the best significant improvements in the response indices. Hence, it is suggested that processing Bambara groundnuts through aqueous heating and benne seed through dehulling will go a long at enhancing their nutritive value in diets of broiler chickens.
